Schizophrenia is a chronic and disabling disease with poor long-term outcomes. The current antipsychotic medications, both first and second generation, are efficacious in alleviating the positive symptoms. However, the evidence for acceptable outcomes on negative symptoms and cognitive decline, which have a marked impact on social integration of patients with schizophrenia, is still limited.
antipsychotics, to treat hypercholesterolemia. Statins were introduced as cholesterol-lowering agents but have found much wider usage. They are anti-inflammatory agents and thus similar to the Cox-2 inhibitors, which have shown some ability as adjuncts to improve the symptoms of schizophrenia in preliminary studies. The statins are also known to decrease C-reactive protein (CRP), which has been shown to be elevated in a study of individuals with schizophrenia. Fan and colleagues demonstrated in a small study in patients with schizophrenia that higher than normal levels of CRP (0.5 mg/dl) were associated with marked negative symptoms and higher total Positive and Negative Syndrome Scale (PANSS) scores [Fan et al. 2007 ].
Ondansetron is a serotonin (5-HT3) receptor antagonist that is generic and widely used to prevent nausea and vomiting in patients receiving chemotherapy for cancer. GSK undertook a small study on it as an antipsychotic in the 1980s. Since then, several small studies have suggested that it is effective as an adjunct drug in improving the symptoms of schizophrenia [Akhondzadeh et al. 2009] . In an open-labelled study Sirota and colleagues demonstrated that while ameliorating symptoms of schizophrenia, ondansetron also significantly improved features of tardive dyskinesia in this group of patients [Sirota et al. 2001 ].
We carried out a feasibility study in patients with chronic schizophrenia to explore the adjunct use of simvastatin and ondansetron on positive, negative and general psychopathology.
Methods
This was a randomized 12-week rater-blinded study conducted in two psychiatric units, Karwan e Hayat Hospital and the Department of Psychiatry, Civil Hospital Karachi.
Subjects
A total of 36 patients aged between 18 and 65 years who met Diagnostic and Statistical Manual-IV (DSM-IV) diagnosis of schizophrenia, schizoaffective disorder, psychosis not otherwise specified or schizophreniform disorder were included in the study.
Inclusion criteria. Included patients were competent and willing to give informed consent to participate in the study and had to be stable on medication 4 weeks prior to baseline assessments. Patients had to be able to take oral medication and complete the required evaluations. Female participants of child-bearing age were asked to use adequate contraceptives for the duration of the study, to have a pregnancy test pretreatment and at 10-weekly intervals while on study medication.
Exclusion criteria. Patients with relevant medical illness (renal, hepatic, cardiac, serious dermatological disorders such as exfoliative dermatitis, systemic lupus erythematosus) in the opinion of the investigators, on concomitant penicillin and anticoagulant therapy, presence of a seizure disorder (not including clozapine-induced seizures), presently taking valproic acid, any change of psychotropic medications within the previous 4 weeks, with a diagnosis of substance abuse (except nicotine or caffeine) or dependence within the last 3 months according to DSM-IV criteria, pregnant or breast-feeding females were all excluded.
Conduct
Institutional Review Board approval was obtained for the study. All patients signed written informed consent. After consenting to take part in the study patients' clinical symptoms, cognitive, neurological and general level of function were assessed. The patients were then randomized to one of the three treatment arms: (1) treatment as usual (TAU); (2) TAU + simvastatin; or (3) TAU + ondansetron.
Drug preparation
The study pharmacist carried out study drug randomization procedures and also dispensed the drugs and counted returned drugs in order to assess compliance. Simvastatin was started at 20 mg once daily, this was increased to 40 mg after 4 weeks. Ondansetron was administered in an 8 mg dose.
Assessments
Patients were clinically assessed at baseline and at 12 weeks. Primary outcomes were assessed using PANSS scores, a 30-item tool which is widely used to assess positive and negative symptoms of schizophrenia [Kay et al. 1997 ], particularly a negative subscale derived according to well-established criteria [White et al. 1997 ].
Secondary outcomes were the Clinical Global Impression (CGI) scale [Guy, 1976] , Global Assessment of Functioning (GAF) (DSM-IV-TR) and Abnormal Involuntary Movement Scale (AIMS) [Guy, 1976] . CGI is a clinical assessment tool that evaluates the severity of psychopathology and change from the initiation of treatment on seven-point rating scales. GAF is a scale that looks at the level of social, occupational and psychological function. The scale ranges from 0 to 100 and is displayed in the DSM-IV-TR. AIMS is a 12-item clinician-rated scale that establishes the severity of dyskinesia in patients taking neuroleptic medication.
Prior to entering the study all patients went through a physical examination and physical assessments including blood pressure, pulse, height, waist, weight and body mass index (BMI), and these assessments were repeated at 12 weeks. Haematological investigations included complete blood count, erythrocyte sedimentation rate, liver function tests, urea and creatinine, electrolytes and CRP.
There was no formal measurement tool used for the monitoring of side effects. Research assistants would ask about tolerance to medication by enquiring about a list of side effects from the British National Formulary [BNF, 2012] .
Statistical analysis
Analyses were undertaken in Stata (version 10) after completion of endpoint assessments; primary analysis was by intention-to-treat. Treatment effects were estimated using analysis of covariance (ANCOVA), allowing for the baseline (prerandomization) measurement of the relevant outcome scale as a covariate. Results were presented as 95% confidence intervals, and not significance tests, following the usual recommendations for pilot/feasibility studies [Lancaster et al. 2004] .
Results
From the 2 centres, 44 patients between the ages of 18 and 35 years were assessed for eligibility, 36 patients were randomized and 34 patients completed 12 weeks (Figure 1 ). The three treatment groups appear to be well balanced in terms of mean baseline scores. Both simvastatin and ondansetron provide some evidence of a reduction in symptoms compared with TAU. Summary statistics for the clinical outcome measures are provided in Table 1 . Treatment effect estimates and their confidence intervals are provided in Table 2 . The total PANSS scores indicate a greater improvement in simvastatin and ondansetron groups, although 95% confidence intervals include no difference; however, there appears to be little effect on negative symptoms. Differences in CGI between the three groups were negligible; however, there was greater improvement in functioning on the GAF in the simvastatin group in comparison with the ondansetron and TAU groups. Both ondansetron and simvastatin appear to be well tolerated, with little difference between the three groups on AIMS.
Discussion
Schizophrenia is a devastating disorder affecting approximately 1 in a 100 people worldwide at some time [Akhondzadeh et al. 2006 ]. Although, current antipsychotic medications are effective in treating positive symptoms, impact on negative symptoms and cognitive decline is still limited. Our study aimed to explore the adjunct use of simvastatin and ondansetron on positive, negative and general psychopathology in comparison with TAU over a 12-week period in patients with chronic schizophrenia.
A total of 36 patients enrolled in this pilot study with 2 eventually withdrawing, 1 of these providing partial information. Reduction in total symptoms in both simvastatin and ondansetron exceeded the reduction in TAU, although both confidence intervals included 0. On further investigation, it appeared that for both agents this effect was largely as a result of a reduction in positive and general symptoms, rather than negative symptoms.
Anti-inflammatory treatments have been shown to have beneficial effects in schizophrenia. In preliminary clinical trials for schizophrenia Cox-2 inhibitors have shown favourable effects [Muller and Schwartz, 2008] . Statins are primarily HMG-CoA reductase inhibitors commonly used as cholesterol-lowering drugs and have been shown to reduce the incidence of coronary heart disease in clinical trials [Castilla et al. 2008; Nassief and Marsh, 2008] . During the past decade, however, evidence has begun to emerge that statins have neuroprotective effects [van der Most et al. 2009 ]. Immune response modulation has been implicated as a neuroprotective mechanism amongst actions such as improvement of blood flow and reduction in oxidative damage [van der Most et al. 2009 ]. As with Cox-2 inhibitors, the anti-inflammatory properties of statins have shown potential to improve symptoms of schizophrenia.
It has been reported that increased levels of inflammation have been found in many individuals with schizophrenia, leading to the view that immune mechanisms are important components in the pathogenesis of schizophrenia [Dickerson et al. 2007 ]. Fan and colleagues examined CRP levels in 26 inpatients with schizophrenia or schizoaffective disorder and found that higher levels are associated with marked severity in negative symptoms and general psychopathology scales of PANSS [Fan et al. 2007 ]. Dickerson and colleagues conducted a similar study with a larger sample of 413 patients with schizophrenia [Dickerson et al. 2007] . They found that elevated serum levels of CRP in schizophrenia were associated with the severity of cognitive but not psychiatric symptoms. In a recent study, Plenge and colleagues investigated simvastatin's anti-inflammatory effect in a randomized, controlled, double-blind trial [Plenge et al. 2002] . They reported that simvastatin lowers highly specific CRP independent of its effect on LDL cholesterol. This finding has also been reported in some earlier studies [Ridker et al. 1998; Freeman et al. 2001] . To the best of the authors' knowledge, however, there has been no study that has used statins as anti-inflammatory agents in the treatment of schizophrenia.
Ondansetron is a selective 5-HT3 antagonist used commonly as an anti-emetic in patients with cancer [Marty et al. 1990 ]. A study conducted by Sirota and colleagues looked at the use of ondansetron in the treatment of neuroleptic-induced tardive dyskinesia [Sirota et al. 2000 ]. They found that ondansetron is beneficial in treating tardive dyskinesia alongside psychotic symptoms in patients with schizophrenia. Zoldan and colleagues investigated the use of ondansetron in treating psychosis in advanced Parkinson's disease and found it beneficial in control of psychotic symptoms [Zoldan et al. 1995] . Small studies, including some randomized clinical trials have shown that as an adjuvant ondansetron can improve negative symptoms and memory in patients suffering from schizophrenia [Ankhonzadeh et al. 2009; Levkovitz et al. 2005; Zhang et al. 2006 ]. Ankhonzadeh and colleagues recently conducted a 12-week, doubleblind study of parallel groups of patients with stable chronic schizophrenia [Ankhonzadeh et al. 2009 ]: 30 patients were recruited from inpatients and outpatients departments. The study found that patients receiving ondansetron as an adjuvant had greater improvement in negative symptoms, general psychopathological symptoms and PANNS scores. Our study results were not inconsistent with their improvements in general psychopathological symptoms and PANSS scores. However, negative symptoms did not appear to improve. Ankhonzadeh and coworkers also found that administration of ondansetron improved visual memory based on improvement in visual reproduction, visual paired associate and figural memory subtests of Wechsler Memory Scale but we did not assess cognition. We found that the drug was very well tolerated and caused no major side effects. Sirota's group speculated that 5-HT3 antagonists can restore and maintain dopamine function in patients with schizophrenia and may produce an antipsychotic effect without inducing sedation or extrapyramidal symptoms [Sirota et al. 2000 ].
Negative symptoms and cognitive deficits are features of schizophrenia which have a major impact on social functioning and quality of life. Standard drug treatments have little impact on either and arguably no impact on primary negative symptoms. Social dysfunction has a major economic consequence in both the developed and developing world. Further research is required to explore the effects that anti-inflammatory drugs such as simvastatin and selective 5-HT3 drugs such as ondansetron have in the treatment of schizophrenia.
A major limitation of this study is a small sample size we are now carrying out an appropriately powered study funded by the Stanley Medical Research Institute. This is a double-blind, randomized controlled trial of simvastatin and ondansetron with a factorial design.
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